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[57] 



ABSTRACT 



A non-impact printer apparatus is described that in- 
cludes a recording head having a plurality of recording 
elements such as LED's tor recording on a recording 
medium. A plurality of driver chips are provided on the 
head and each includes a plurality of current driving 
channels for selectively driving a plurality of recording 
elements in accordance with respective image data sig- 
nals. The driver chips each further include an extra 
current driving channel not associated with a recording 
element for generating a current related to that sent to 
said recording elements. Monitoring of the current in 
the extra channel is provided to permit for changes of 
current to the recording elements and/or corrected 
image data to provide fine tuned control over unifor- 
mity of the recording elements. 

29 Claims, 16 Drawing Sheets 
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doing so emails added expense both in materials and . 
UEJD; ARRAY PRINTER WITH EXTRA DRIVER manufacturing cost for the printhead and still does not 
CHANNEL provide information relative to temperature inside the. 

driver, chip. 

CROSS REFERENCE TO RELATED 5 his therefore an object of the invention to overcome 

APPLICATIONS this problem and to provide an improved printer appa- 

This application is related to the following applies- ratus with improved means for measuring localized 
dons filed on even date herewith: temperature of the printhead and for providing for 

1. U.S. application Ser. Na 07/543,892, filed in the more prompt and fine-tuned correction of noo-unifor- 
names of Mary A Hadley et al and entitled, "Non- 10 mines. 

Im^I^ter Apparatus With Improved Current Mir- SUMMARY OF THE INVENTION 

2. VS. application Ser. Na 07/543,931, filed in the The above object and others which will become ap- 
names of Yee S. Ng et al and entitled, "Non-Impact parent in reading the specification below are realized by 
Printer For Recording in Color;" 13 a non-impact printer apparatus that mduoes a recording 

3. US. application Ser. Na 07/543,891, filed in the frftf) having a plurality of recording elements for re- 
name of Jeffrey A. Small and en titled, **l~EJ>. Printer • cording on a recording medium; driving means includ- 
Apparatus With Improved Temperature Compensa- ^ a plurality of current driving channels for selec- 
°°n; tivdy driving said plurality of r ecor din g elements in 
M 4 y^^ i ^. S 2l Na07 ^!? ,nt T^ S ?i accorti^v^ respective image data agnah; the «lriv- 
No. M26>73* fitod a, the i^rf Jeffrey Small « tog ^ ftuth^Tdtuding an extra carrent driving 
^T&ZT^Z^tZt^ chLnei - associated v,th a record^ element for 

Dames of Michael W. Mattem et al and entitled, « dement* and means for momtonng the current m 
TTn pSSS Whh Improved Carrent Mirror ^channel IHe above and o^erobjectt and 

r^w^^OripThere^ futures of the presen^ivenuon wffl become apparent 

• from the following description taken m conjunction 

BACKGROUND OF THE INVENTION with the accompanying drawings. 

1. Field of the Invention 30 In accordance with another aspect of the invention, a 

The present invention relates to non-impact printer non-impact printer apparatus is provided that includes a 
apparatus for recording, and more specifically, to cir- recording head having a plurality of recording elements 
cuitry thereon for controlling signals flowing to a print- for recording on a recording medium; driving means 
head forming part of the printer apparatus to control including a plurality of current driving channels for 
current uniformity to the recording elements. 35 selectively driving said plurality of recording elements 

Z Description of the Prior Art with a constant level of current in accordance with 

In US. Pat. No. 4,831,395, an L.EJD. (light emitting respective image data signals; means for sensing the 
mode) printhead is described wherein control of current level of current in an extra current driving channel; and 
to the LED's during recording is provided by a current means for adjusting the image data signals to the record- 
mirror circuit This circuit features an adjustable resis- 40 

ing elements in response to the level of current sensed. 

tor and voltage supply to allow the r espec t ive currents 

to the LED?to be controlled so that adjustments may BRIEF DESCRIPTION OF THE DRAWINGS 
be provided to have the outputs of the LED's be more The subsequent description of a preferred embodi- 
urnform. Where groups of LED's are driven from re- ment 0 f ^ present invention refers to the attached 
spective driver chips, each driver chip is separately 45 drawings wherein: 

adjustable so that LED's driven from this driver chip FIG. 1 is a perspective view illustrating the general 
receive sufficient current so that their respective inten- arrangement of a prior art non-impact printer, 
nties are similar to that of LED's driven by other driver FKJ. 2 is a block diagram of a circuit for providing 
chips on t^ prmthead. Aether aspect of adjustability signals to a non-impact printhead made in accordance 
requires the LED s to put out sufficient hght to expose 50 wim the invention; 

^ '^S? ^TvOfL** * ?££^t^J- „ FIG.3bablock diagram ofapi^ 

In U.S. Pat No. 4,885.597, an LED ptmthead is de- ^ invemkmf ^ Stead including a phmuity of 

scribed wherem compensation for age and temperature driving the LED's formed on chip 

of the LED's is accommodated to ensure that the inten- onvcr aup5 F 

rrtv from the LED's is consistent over time. In this 55 arraYS * M M u M , _ 

SnS, aratfVfe STregulated using digi- J* GS J- 4 A. and « comprise a blockAagrarnof a 

WS^c^x.^^Z^^ dn^jMpr^d^t^ to o^embotoent of the 

driver chip; The multi-bit digital current regulation m ^^5?J^°^ ^"^ZZ^J* ^ 
signals used must be communicated to die driver chips FIGS. 5, SA, and 5B compnsea erremt dia^nm of 
and adjustments in intensities of the LED's made ac- 60 one circuit mcorporated on the driver cmp of FIGS. 4, 
cordingly. A problem with providing adjustability to 4A, and 4B in accordance with the invention; and 
current is that tempenrture is a localized matter with FIGS. 6A, 6B, 6C, and 6D comprise a schematic of a 
temperature being diiTerent from chip to chip and vary- current driving circuit incorporated on the driver chip 
ing with time in accordance with demand for printing. of FIGS. 4, 4A, and 4B. 

Providing a few thermistors upon a printhead may not 65 FIG. 7 is a block diagram of another embodiment of 
provide sufficient information relative to temperature a printhead made according to the invention; 
that can be used to very accurately control uniformity. FIG. 8 is a block diagram of a driver chip for use on 
While adding more thermistors can increase accuracy the printhead of FIG. 7; 
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FIG. 9 is a block diagram of an extra driver channel LED to LED can be corrected by modifying the data 

or current monitor channel for the driver chip of FIG. bit signals in accordance with empirical determinations. 

-. t , - The FROM has stored therein correctra factors associ- 

42 Ffe.*iO is a schematic of a token bit register incorpo- ated with each LED for modifymg~thaY LED's respec- 

rated on the driver chip of FIG. 8; 5 ti ve data. As will be described below, this PROM may 

FIG. 11 is a schematic of a token bit register incorpo- be modified in accordance with age and/or temperature 

rated on another embodiment of a driver chip that is a changes to the printhead In addition, the LCU provides 

modification of that of FIG. 8; exposure clock pulses to a down/up counter 18 (FIG. 4) 

FIG. 12 is a time line illustrating the o ccurre nce of which, when enabled by a signal from the LCU, counts 

various pulses on the driver chip of FIG. 11; and 10 such clock pulses and provides at an output having a 

FIG. 13 is a truth table illustrating operation of the plurality of lines a digital signal representation of the 

modified driver chip of FIG, 1L state of the counter. Typically, such a counter has one 

DESCRIPTION OF THE PREFERRED ^^^^o^ST^^l^^^i 
FJwrRrirhTMPHT outer ones representing outer more ssgmncant Dus. in 

txyiBKJuimrjHi l5 accordance with a technique fully descrmed in U.S. Pat 

Because the apparatus of the type described herein No. 4,750,010 in the names of Ayers et al, the contents 
are well known, the present description wiD be directed of which are incorporated herein by this reference, the 
in particular to elements forming part of, or cooperating output of counter 18 is provided to a first set of input 
more directly with, the present invention. terminals to a comparator 19 associated with each re- 

The apparatus for the herein disclosed invention is 20 cording dement 30, Lc, i.Pn m this embodiment A 
typified by the diagram of FIG. 1; a linear array 10 of plurality of data fines from each of a plurality of corre- 
say 3584 triggerable recording elements; eg. LED**, is spending data registers 24 is also provided to a second 
disposed to expose selectively a photosensitive image*- set of input terminals associated with each comparator 
receiver medium 12 that is movable relative to the array 19. The comparators 19 all compare the output of the 
by suitable conventional means (not shown). While the 25 counter 18 with the value of the respective data. As wiD 
embodiments of the invention will be described in terms be described herein, the image data signals provided to 
of LED printheads, other recording elements may also each comparator relates to a desired ON time or period 
make use of this invention. Optical means for focusing of enablement for a respective LED 30 for the record* 
the LED's onto the medium may also be provided. In tng of a particular pixel. As is well known, the LEO'S 
dus regard, gradient index optical fiber devices such as 30 are alternately divided into odd and even-numbered 
Selfoc (trademark of Nippon Sheet Glass Co., Ltd.) LED's so that respective integrated circuit driver chips 
arrays are highly suited. The LED's of the array are 40 therefor are located on opposite sides of the line of 
triggered into operation by means of image processing LED's As the circuitry is identical for the correspond- 
electronics 14 that are responsive to image signal infor- ing driver chips, the discussion herein will be made as to 
matian. Depending on the duration for which any given 35 one of these driver chips. The image data signals pro- 
LED is turned on, the exposure effected by such LED vided to each comparator 19 during the printing of a 
is more or less made. Where the medium 12 is, say, single line of dots by the row of LED's is related to the 
photographic film the latent image formed fine by line desired pixel or dot size to be exposed onto the image 
by selective exposure of said LED's may be subse* receiver medium by that I^FP for that particular line of 
fluently developed by conventional means to form a 40 dots. As shown in FIGS. 3 and 4, six independent lines 
visible image. Where the medium 12 is an dectrophoto- of data DI0 through DI5 provide a six bit digital image 
graphic receptor, the LED's may be used to form an data signal that allows for grey-scale variation of the 
electrostatic image on a uniformly electrostatically output of each LED during each cycle of operation, 
charged photoconductor and tins' image developed During each cycle the data to each comparator may 
using opaque toner particles and perhaps tr ansf err e d to 45 comprise six binary bits representing an amount from 
a copy sheet, see U.S. Pat. Nos. 3,850,517 and 4,831,395, decimal 0 to decimal 63. Although the data lines D10 
the contents of which are incorporated herein by this through DI5 are shown passing through the data regis- 
reference. ters 24 in FIG. 4, it will be appreciated that this is for 

With reference now to FIGS. 2, 3, and 4, a data the convenience of this illustration and mat actually 
source 15 such as a computer, word processor, image 50 such lines comprise a plurality of data fines that are 
scanner or outer source of digitized image data, pro- simultaneously available to all latches as wiD be de- 
vices image data signals to a data processor 16 which scribed below. 

may comprise a raster image processor. The! data pro- Suppose, for example, that an LED , LED], is to be 
cessor under control of clock pulses from a logic and enabled for a time period equal to 20 clock periods plus 
control device (LCU) 13 provides a plurality of outputs 55 T MJN . Tmn represents y pre<3tablfoh*d mtnmi tim TFn 
including rasterized data outputs and control signals on time. In response to a start pulse on line LLATCHN, 
which are fed to the printhead. Data for each pixel may the counter 18 is enabled and commences to count expo- 
be represented by a multibit signal of say 4 bits repre* sure clock pulses from line 17 from decimal 63 to 0. 
senting a grey level for exposure for recording mat Note that the dock pulses may be generated to have a 
pixel A programmable ROM (FROM) 16a may be 60 variable programmable period. The six bit output of 
provided either on or off the printhead to modify the counter 18 is coupled to one set of inputs at terminal X 
data to provide for uniformity correction from LED to of each of the comparators. This count is now com- 
LED. In this regard, see U.S. application serial No. pared with the data input at another set of inputs at 
07/290,002, the contents of which, are incorporated terminal Y of this comparator which represents in bi- 
herem by this reference. The PROM transforms the 65 nary form decimal ten. When there is a "match," Le., 
4-bit signal into a 6-bit grey level signal that is adjusted when the count of terminal X is 10, a pulse is provided 
or corrected for the light-emitting characteristics of the at the output terminal of comparator 19 to cause latch 
respective LED. This balance in light output from or toggle flip-flop 22 to enable the constant current 
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driver 23 to commence and mamtam current to LEDi. The image data signals are output by the data proces- 
After the counter counts down to zero, the counter may sor 16 in accordance with image data signals for the 
be inhibited from counting admtic^ clock pulses for a : odd-numbered LED'* and image- data signals, for the *s.^fv>-v ~r***-i&«w*"A 
period Tifcv that is either programmed into the counter even-numbered LED**. Discussion will now be made 
or provided by other suitable means. After this prede- 5 with regard to the image data signals for the odd-num- 
tenmned time period if used, the counter is set to bered LED's, since operation and circuitry for driving 
count in its up mode and commences counting dock the even-numbered USD's is identical. With reference 
pulses again.- When the counter, in its count up mode, to FIG. 4, data hues DI0-DI5 are independent lines 
reaches decimal 10 the flip-flop 22 h reset and current to each carrying a signal representing a digital bit (0 or 1) 
the i *?n ceases. The other LED's, etc operate in simi- 10 so that together their respective signals define a digital 
lar fashion but their data may require different count six bit number from decimal 0 to decimal 63. This image 
values to turn on and off. What these LED's wfll thus <*at* signal is passed along hues DI0-DI5 on the print- 
have in common is that all win have their respective which comprise an image data signal bus: Assori- 
current pulses centered, Le^ the midpoints of the re- at fl^ itl1 ***** 1-615 * a rc * istCT mnm 24 for 
apective current pulses wffi occur at the saiMthneJ The 15 lftdnn g data fa m this bus during each cycle of opera- 
pulse duration for each LED during each hneof print is ^ tarjmntmga single tee of dots or pixels. As wffl oe 
varied, however, in accordance with their respective ^^^^J^l^^^^t^T 
hnagedatasignals. Reference is also niade to api)fr E^tJS?^ 

cation Ser. No. 07/290002, regarding a docking _ wfafle other ^ regster means •^ociated with 
scheme using a non-linear clock, the coirtents of which 20 ot ^ cr J^P 8 **** *** respecttve data.pe use of a 
areteoi^U^^ytte reference! ^ Verted this token bit in a printer apparatus for strolling latching 
latter reference, correction for ffffyp 1 ?! light output of multibit data is described in U.S. Pat. No. 4,746,941. 

^ ' T* f. y 7T j . 1 *\Z lmes. The pair of latches are connected m a master-slave 

°l rZ^^T ^f^T 2 ^ ZT* JJT/K relationship wherein in response to a token bit signal at 

characteristics of each 1^ and data for that LED can ^ cnabl / input ten^ the master latch ^Tan 

be modified to provide an mput count at terminal Y that tow*6m4m** thedatainput ternrinal of tbemas- 

represents data modified by the exposure characteristics ^ ^ ]^ 25 wffl cause the output of the master latch to 

of the LED. For example, for an LED that is a rela- dthcr thangfi or die same depending upon the 

tivdy^strong light fitter -the PROM would modify imhgt ^ it wfll be noted that the six master 

data bits for that LED to reduce the count that other- latches 25 in the data register means of each LED are 

wise would be provided at terminal Y based solely on coa^y connected to a line 27 to simultaneously 

the data. ........ 35 receive the token bit signal from the token bit shift 

Still other circuitry for balancing the driving current register 28. 

10 ** Eiy f Jf dcscribcd , bdow ; The token bit shift register 28 comprises a series of 

The description of the circuitry forming a part of the flip-flops 29 which have clock pulses (SHFTCLK) 
driving circuitry for distributing the image data signals applied to the clock terminals thereof and the signal 
to the appropriate comparator and to current driving 40 representing the token bit input to the data input termi- 
cireuits will now be described. In the example of the of each. Note that the same token bit signal will be 

circuitry for the printhead shown in FIG. 3, the driving provided to both the even and odd token bit shift regis- 

circuitry for. the LED's are provided on opposite sides .. ters for the even and odd numbered LED's. The output - ■ - - — - 

of the line of LED's 20. This is a known desirable ar- c f each of these flip-flops 29 is connected to the data 
rangement for pennitting LED's to be packed closer 45 mp m terminal of the next flip-flop 29 in the series. BufF- 
tog ether to provide greater image resolution capabili- m 31 with enable inputs and direction controls are 
ties for the printer. As may be noted the circuit arrange- coupled to the token bit shift register 28 so that pro- 
ment is an alternating one such that what may be called gr ammab le control may be made of the direction for 
the even-numbered LED's have their respective driv- shifting the token bit along the token bit shift register 
ing circ ui try located, to one side of the line of LED's so 28. In the example where the token bit is to be shifted 
and what may be called the odd-numbered LED's have from left to right in FIG. 4 for the Data Odd half of the 
their respective driving circuitry located to the other printhead, the signal line TDIR (token direction) is 
side of the line of LED's. Typically, groups of, say, 64 made at an appropriate logic level to allow the token bit 
of the odd numbered LED's (in a chip array 31 having on hne LTOKEN to pass from left to right Thus, in 
128 LED's arranged in a row) wfll have their respective 35 response to clock pulses from the data processor 16 the 
driver circuitry formed in a single integrated circuit token bit is passed from stage to stage (left to right in 
chip 40 and thus, for a printhead having 3584 LED's on FIG. 4) of the token bit shift register 28 and accordingly 
the printhead, there may be 28 driver chips located on outputted sequentially over respective lines 21 through 
each side of die hne of LED's. In order to save on OR gates 11 to lines 27 for enablement of all die master 
production costs for these driver chips, it b desirable 60 latches 25 of a respective data register 24. With move- 
that they be identical. For the driver chips to be ident> ment of the token bit from stage to stage of the shift 
cal, although locatable on either side of the hne of register 28 the data bits occurring on lines DI0-D15 are 
LED's, h is desirable for design simplicity that signals accepted by the data registers 24 in turn from left to 
traversing the length of the printhead be programmably right until all the 1792 data registers on this side of the 
movable in either direction; see in this regard U.S. Pat 63 printhead have acquired their respective six bits of data. 
No. 4,746,941. LED chip arrays having more than 128 A latch enable signal is then pulsed low on line 
LED's are also known but the invention wfll be de- LLATCHN to cause the respective slave latches 26 to 
scribed with reference to those having 128 LED's. latch the data at their respective outputs and to reset the 
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* toggle flip-flops 22. The r e sp e cti ve outputs of the slave tion determined by. the grey level data signals input to 

m latches 26 are now communicated to the data input the printhead 

terminals Y of the respective comparators 19 for deter-. Also associated with the circuitry for driving LED], 

^^'^^^ 

dance with the techniques described above. The master 5 circuits. One slave circuit comprises transistors Q42& 
latches 25 are now free to receive the image data signals Q421 and Q430 The other slave circuit comprises transis- 
tor the next line of dots to be recorded. tors Q422, Q423 and Q43»> Transistors Q43& 0431 are 
The comparators 19 each have at an output an AND N-chnmd MOSFETS while the other transistors noted 
gate 191 and a D type flip-flop 1911 in order to prevent above are P-channel MOSFETS. The two additional 
the propagation of extraneous logic glitches from the 10 slave circuits associated with LEDi are on continuously 
c omp arator o ut p ut s to the tog gle flip-flop inputs. and assuming a nominal driving current of say 
After LLATCHN returns to its inactive level, on the ILED4=4 ma to LED], the current through transistor 
first rising edge ofEXPCLK while a particular compar- Q«i might be 1/80 ILEDi and the current through 
ator's 19 output is at a logic high level, the respective transistor Q423 might be 1/800 xILEDj. The currents 
toggle flip-flop 22 toggles from the reset state to the set 15 through these slave circuits establishes a voltage level 
state. The Q and QNoutputs of this toggle flip-flop then V<a 00 lme 114, which is the potential of the drain 
cause the associated controlled current driver 23 to be electrode of transist or Q437. 

enabled. After this same comparator's output has been In operation with transistor Q429 turned off, transistor 
returned to a low logic level, and then returns to a high Q426is on and impresses approximately the voltage W a 
logic level on some later rising edge of EXPCLK, the *° ®* ^ of transistor Q42* When LED, is to be 
respective toggle flip-flop 22 toggles back to the reset turned mi to record a r^ (picture dement), a signal is 
state. The Q and QN outputs of this toggle flip-flop then P™** ^ Ae mcans » to the gate of 

disable the associated cc^tant^mrrenTo^TzJ transistor Q 4 n to turnsame on, while an inverse signal 

With reference now to FIGS. 6A, B, C and D, the „ torns trans^r Q«6 off Before transistor Q429 turns on, 
current drrvmgcircuh^ 

is shown. The respective outputs of the toe ale flip-floos substrate must be removed. When transistor Q427 

22 are fed over^es^v* tmes AS\ 453 and thefolW on, the charge on the gate terminal ofttansjstor 

ing lines not shown** - - - 45^ and 45^.^rnaX Q^disctorges through transistors Q427 and Q430. This 
seen each of these lines' is actually a double £eTe5 „ [^iS 

which carries an enable signal to turn the respective J{^jy s that are so usht to be simulta- 

LED ^onand ^the other carries a complement of this ^ axtT ^ 2aL ^ for & that each con- 

ELJ*£? 45 ^ contrcl trol tra^r^rrespor^ to transistor Q 4 » has its 
electrodes of transistors Q 426 , Q427. These triors act ^ respective path for discharge of its respective ca- 
ns switches and form a part of a current rnirror driving 35 pacitive load. While the illustrated embodiment shows 
circuit trmt includes a master c^cun form^ bytransis- ^ of ^ ^mm^ current mirror circuit containing 
tors Q4£ Q423 and a series of di^taUy controlled tran- transistor Cfcsofor use in discharging the control elec- 
sistors. More details i concerning the aagitaUy controlled trode of die driving transistor, it will be understood that 
? ans,stOTS ^*/°J md ™ A „ f""*:.*? the in some circuit arrangements, charging, rather than 
rtscussonofFIGS. 6Aand«B. Briefly, these digitally 40 discharging, of the coXlde^rode maybe facilitated. 
controDed t?* 5 **"^ f* to Current through transistors Q422, Q423 and Q431 is 
establish a signal I (OTP BUVS) toUiereby regulate a proportional to, Le. mirrors, that through the master 
desired current level for the LEO'S driven by this circuit because of the identical gate to source terminal 

- dri ver chip. Asjmay be noted in FIG. 6G» circuitry for ~ biasing (VcsO of tr^ ~ 

driving two LED's, i.c, LEDj and LED3 are illus- 45 rent » constant in this slave circuit even though V a 

trated; it being understood that the driver chip would from power supply P 2 varies since the potential differ- 

have appropriate circuits typified by those described encg \ G5l between the gate and source terminal of 

below for driving say 64 of the odd-numbered LED's in transistor Q422 remains constant The current through 

an LED chip array having, for example, 128 LED's. the circuit comprised of transistors Q422, Q423 and Q431 

Another driver chip on the other side of the LED chip 50 is rmrrored by that through the slave circuit comprised 

array would be used to drive the 64 even-numbered of transistors Qm Q421 and Q430 due to the identical 

LED's. gate to source biasing of transistors Q43Q> Q431- With a 

The current through the master circuit establishes a constant current being generated in the slave circuit 

potential Vci on line 117. Directly in series with LEDi comprised of transistors Q420, Q421 and Q430, the poten- 

are two transistors Q428* Q42*. Transistor Q428 is biased 55 rial difference between the gate and source terminals of 

to be always conductive whDe transistor Q429 is transistor Q420 remains fixed as docs that of transistor 

switched on and off and thus is the transistor controlling Q421 thereby establishing a voltage level V&online 114 

whether or not current is driven to LED]. The gate or which varies with V«. although the potential difference 

control electrode of transistor Q439 is coupled to the V^-Vq remains con s ta n t 

drain-source coimection of transistors Q42& Q427- When 60 With the transistor Q439 turned on and conducting 

LED 1 is to be turned on, transistor Q427 is made conduc- driving current to LEDi during an exposure period, the 

tive and when LED) is to be turned off, transistor Q426 voltage level Vci is established at the gate of transistor 

is made conductive. The gate of transistor Q426 receives Q429 via now conducting transistor Q427. The voltage 

a logic signal that is the inverse of that to gate Q477 from level at the source terminal of transistor Q429 is now at 

a data driven enabling means 22 that is the circuitry of 65 a fixed threshold value above that of Vci Transistor 

FIG. 4 which controls whether or not an LED is to be Q429, acting as a cascode transistor and having its source 

turned on and for how long. As noted above in a grey terminal connected to the drain terminal of transistor 

level printhead, the LED is to be turned on for a dura- Qau, thereby establishes the drain potential of the tran- 
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sistor Q42& as varying with changes in As noted this driver chip ontO the LED's each provide a desired 

above, the' potential difference Vcsi is constant even light output leveL This digital word may be input to the 

. though^ Vcc hself varies. The voltage relationships be- ^register R2 frommer^ 

tween the various terminals of transistor Q42S are not memory such as a ROM provided on the printhead. . 

affected by variations in V* and the current to LEDi 5 This digital word may also be changed in response to 

during a period for recording a pixel stays constant the temperature of the driver chip as will be described 

Thus, stability in driver current to LEDi is provided below. Briefly, the level of current from an extra cur- 

since transient changes in V tt do not cause correspond- rent mirror channel (#65) on each driver chip is used as 

tng changes to the current conducted through LED; a nieasure of temperature. A voltage generated by this 

and thus do not affect the mtensty level of hght output 16 current is digitized and compared by the LCU with a 

Sprite varue based on the digital wo^ 

hght output of an 1^ to dmumsh when other LEO'S in response thereto, the LCU "writes** a new digital 

are tamed on can abo be reduced wim this arcmlAs ^register R2, if a change in current level is 

noted above, transistor Ora conducts current to LEDi . ~* . , . 

tng an app^te pixel. The level of current for re- 1 5 *V*f rt^ ° I ^ ^2f^J!S!^^JT^f 

co^g to pixel Controlled by the current mirror detaiut to a particular set of mgn^ w 

wbichis responsive to the current level I(CHIP BIAS). into registers Ri and Rz. 

The circuit for generating 1(CHIP BIAS) will now be ~ notcd m aforementioned U.5. rat Na 4,b\si,J!0, 
described. M contend of which are incorporated by this refer- 
When transistor Q429 is turned on, the current passing ence, the LCU may be programmed to maintain a count 
therethrough mirrors, Le~, is either the same or proper- of prior activations of each LED and adjust a control 
tjonal to, the current passing through transistor Qev voltage according to a program based on the aging 
The current passing through transistor Q42S* in turn, is characteristics of the printhead. 
equal to I(CHTP BIAS). With reference now to FIGS. After this initial calibration and as the printhead ages 
6A and 6B, this current, I(CHIP BIAS) in turn is con- through repeated use, both temperature and age fectors 
trolled by three factors comprising a temperature com- operate to degrade light output The affects due to 
pensated current sour ce 172, a first group of eight digi- aging will generally be similar to all I .HP's and arc 
tally controlled NMOSFET transistors (hs» Q». . . Q31. corrected for by adjustment of an 8-bit digital word and 
Q32 and a second group of eight digitally controlled its 8-bit complement stored in register Ri. 
NMOSFET transistors Qs> Q6 * • • Qib Qi2- Associated M This digital word controls 8 current-carrying 
with t he fi rst group is a non-digitally controlled NMOSFET transistors Q5, . . . Q12. Associated with this 
NMOSFET transistor 033. Similarly associated with group of transistors is a continuously conducting 
the s econd group is non-digitally controlled NMOS- NMOSFET transistor Q13. Exemplary gate width to 
FET transistor Q13. As may be noted in FIGS. 6A arul length ratios for weighted digitally controlled transis- 
6B, not all of the transistors are shown and the number tQIS Qf-Q l2 are 
of digitally controlled transistors provided in each 

group determines the level of control Transistors Qjj, . ma aaa t>a 11? sa m 14 7 4027 

. - 032 are parallel connected transistors whose respeo : "s :- 5 : ~3 : 5" : 3~ : ~3 : 3 ^ 2( 
rive gate width to gate length ratios are scaled so that 

their respective currents are scaled or weighted in pow- 40 for ^^g^ controlled transistor Q 13 . The 8-bit 

ers of two. Fbr eiimrple, where «ght mmtaUy con- ^ ^ its ^ complement stored in register R 1 is 

- _ the same as that sior^m^^ - ^ 

(025-QnX respective gate width to gate length ratios other drivcr ^ ^ pithead ages, a new 8-bit 

45 digital word and its 8-bit complement is calculated by 
the LCU and input into the registers Ri. The calcula- 
^L. J^.J^. J* . J*-. tion of this 8-bit word for aging may be based on empiri- 

cal determinations made using qTnifar prmtheads or 

for non-digruDy ccmrolkd tr^sistor Q» 

E^dighaDywrntroDedtransistoTbcoDtxrilrfbya » c«l^a>sor that senses ^ J^^P^™?*** each or selected 
logic signal applied to a respective two-transistor J*J* <* by «eaaag patches recorded on thepbotocon- 
switch circuit associated with the transistor. For exam- doctor, 
pie, tte circuit define J^JEltt 

and Qmi cause current to flow through transistor Q25 to 1^ tniiforrjuty of light output from chirMc-ctep 
when a high level logic signal is applied to the gate of 55 isaiemrxwture*xrai^^ current source 17Z This 
trarisistOTQasoandacom^ current source includes a temperature sensor and or- 

applied to the gate of transistor Q251. The logic signals cmtry which wiD assi st m b oo sting cu rrent to the 
for controlling which of the currat^uTying transistors LED's in response to increases in temrxjatnre. Various 
are to be turned on are controlled by a register R wmch circuits for accomplishing this are well known for ex- 
stores an 8-bh digital word and its 8-bit complement 60 ample, see Gray and Meyer, Analysis and Design of 
representing a desired current control signal to turn on Analog Integrated Circuits, 2nd edition, pages 733-735 
respective ones of the eight current conducting transis- and FIG. 12^8, the contents of which are ir«>rporated 
torsos. . . Q32. In conjunction with transistor Qast by this reference. In this text description is provided of 
which is on continuo us ly, tins group of transistors is so-called Vt (thermal voltage) refere nced current 
used for "localized'* control of LED current By this, it 65 sources. By providing msu 

is meant that the digital word stored in register R2 is appropriate temperature coefficient, an output current, 
specific for this driver chip and will be determined by C is provided that increases with an increase in temper- 
adjustment of driver current to the LED 5 driven by ature of the driver chip. 
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The operation ofthc circuit ofFlGS. 6A,B, C, and D Id FIGS. 4 and 5, Uses SEL1 and SEL2 establish a 
will now be described. During use of the printhead the two-bit selection of four possible operating modes of the 
i*-. i*s -;>r- ^ *. x temperature of the driver-chips will heat* up differently ^^token system: As noted in the chart acctmipaiiymgflG^^^^^*»» 
* in accordance with respective current carrying de- 5, the options for these modes include a normal m o de; 

mands and abilities to dissipate heat caused by such 5 Le., one where the token is used for controlling image 
demands through heat conducting structure to which data to the appropriate registers 24 for latching .image 
the chips are mounted. The temperature adjusted cur- data; a load Vref mode wherein the digital current 
rent lo is conducted to ground via NMOSFET transis- regulation word fox loading register Ri, the global bias, 
tor Q33 and some or all or none of the transistors Q3& b established; a load Kref mode wherein the digital 
Oil .... and Q23 depending upon the digital 8-bit signal 10 current regulation word for loading register R& the 
and its 8-bit complement stored in register R2. In accor- local bias, Is established The fourth mode is referred to 
dance with which transistors in this group of transistors as a bias monitor mode and is used to check on the level 
are enabled to conduct and recalling that these transis- of current sent to the LEO'S by sequentially operating 
tors are scaled or weighted differently in conducting channel 65 of each driver chip, 
capabilities the vohage level at the source terminal of 15 The use of the token bit for image data has been 
Q33 b determined. Note that switching transistors are described above and b made when die "OCT two-bit 
a ssociated with each of these digitally controlled tran- signal b established by the LCU at the inputs (SEL 2, 
sistors. For example, transistor Q23 is controlled by SEL 1) of the 3:1 multiplexers 60 and the logic device 
switching transistors Q230 and Q251 in response to a 63 which forms a part of the circuitry of FIG. 5 referred 
signal causing Q250 to conduct and Q231 to turn off. The 20 to as the "serial interface for Vref/^ref loading and 
others are controlled similarly. This voltage level, V70 bias monitoring/* As noted in FIG. 5, the logic set may 
b also applied to the gate of transistor Qu and thereby be in the form of interconnected logic AND gates. With 
controls the current conducted by transistor Q13. As a "00" signal, this serial interface is disabled. Data over 
noted above, transistor Q13 b the non-digitalry con- lines DI0-DI5 is then appropriately latched by the mas- 
trolled transistor associated with the digitally con- 25 ter image data flip-flops 25 in registers 24 as described 
trolled transistor group Qs> * • • Qn« Q12 In accordance above during shifting of the token bit over the token 
with the digital word stored in register K\ selected ones line LTOKEN and token registers 29. Data is then 
of these transistors are caused to conduct thereby af- transferred in accordance with the techniques described 
fecting the b ias current level I (CHIP BIAS) through above to control the duration of on-time for recording 
PMOSFET transistor Q423. Recall that the transistors in 30 respective pixels. 

this group of transistors also have scaled or weighted After a period of use of the LED printhead there may 
curren t-cond ucting capabilities. The current through arise, due to aging of the printhead, a need to adjust the 
PMOSFET transistor Q423 is equal to the current con- current to all the LED's, Thus, a global bias adjustment 
ducted by the master circuit comprised of transistor is called for by the LCU in response to a determination 
Q424, which curr ent is replicated or scaled by current 35 by the LCU that the criterion for the need for such 
mirrors of PMOSFET slave transistors Q429 and Q429. • adjustment b met. Such a criterion may be a count of 
. . etc, Le., the current controlling transistors to LEDt, printing activations or time. In this regard, reference 

LED3 LED j 27, respectively, as well as the extra may be made to U.S. Pat No. 4,799,071. In response, 

temperature sensing circuit using channel 65. Transistor the LCU provides a signal "01" to lines SEL2, SEL1 
Q429 is caused to conduct when its respective logic 40 during a non-production interval, as well as calculates, 
transistors Q42& Q427 are appropriately signaled by data in accordance with an updating formula based on em- 
signals indicating a pixel to be printed. Thus, when a pineal data determined from aging this or similar print- 

- ~ ~- logic low signal is applied to Hne 45 1 (AN) transistor heads, an updated 8-bit digital word to be transmitted to - - 

Q437 turns on and biases the gate of transistors Q429 to all the driver chips. This updated current regulating 
the level Vg2- Since transistors Q424 and Q428 have iden- 45 data b transmitted serially over a single line DI5 of the 
tical biasing, the current through transistor Q429 will image data bus (DI0-DI5) to the data input ofa series of 
mirror or be scaled to that of transistor Q424 for the time cascaded flip-flop registers 70-77 which form on each 
period for exposing a pixel as controlled by the duration driver chip the register Ri for storing signals Vref(p-7> 
of the logic low signal on line 45 1 (AN)- As b noted in The data over DI5 is shifted through these registers. 
FIG. <5C, the current through Q429 b fed to LED|, for 50 70-77 in response to the token clock (TCLK) operating 
the recording of a pixel. Identical current levels will be through an AND gate 80. Since DI5 b a line forming a 
developed in the other channels directly providing part ofthc data bus the signal on line DI5 b available to 
current to respective other LED's. Thus, all LED s all the driver chips and is latched simultaneously by the 
driven by this driver chip receive the same current for other driver chips. Thus, the Ri registers of all driver 
periods determined by their respective enablement sig- 55 chips are loaded simultaneously with the current con- 
nals and the currents thereto are appropriately adjusted trol data signals V&EFfp-T) in the above manner, 
to maintain constant the intensity of the LED* s. In order to load the "localized" current regulation 

With reference now to FIGS. 4 and 5, description signals Href^t) into registers Ra, the LCU provides a 
will now be provided of circuitry using the token bit "10" signal to SEU and SELL This enables latches 
and image data lines for purposes of regulating current 60 90-97 to be responsive to the token clock through AND 
to the LED's. As noted above, current to the LED's is gate 82. The token bit carried on line LTOKEN is input 
controlled using digital words stored in registers Ri and via direction control gate 87 to latch register 90 and 
R3. In order to minimize the number of lines going to then shifted through associated latches 91-97 in re- * 
the printhead and the number of connections of wires spouse to the token dock signal TCLK. The respective 
required to be bonded in fabricating a printhead having 65 outputs of latches 90-97 are input to the clock inputs of 
a multitude of driver chips, the token line used for latch- registers Rj storing the Rre^o-T) signals. As the token 
ing image data as described above will also be used for bit shifts through latches 90-97, the data on line DI5 is 
latching current data to the various driver chips. latched by the token bit in latches 90-97, into the re- 
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spcctive flip-flops 98a-h that comprise registers R2- At to digital converter 89. A digital representation of this 
. any one time only one of the registers forming R2 is voltage signal is fed back to the LCU. The LCU, in 
i.vy^a* . j&>?*:tf& *r ^"j enabled by> the token bit -and 'that-registergets T to*latch i ^'' * accordance with a program stored thereny*nd>knowing »> v 

the data currently on DI5. Note that DI5 is commonly the digital words stored in registers Ri, R2, determines 
connected to the data inputs of all the registers forming 5 if the current is at an appropriate level in that chip. One 
R2. After being shifted down the latches 90-97, in re- possible response by the LCU may be to remove power 
spouse to the token clock the token bit is shifted out of to the printhead by opening a suitable switch to the 
this driver chip (Kref token) and into an adjacent power supply supplying the printhead such as removing 
driver chip for latching DI5 into the Rj register flip- voltages V« and Vdd to the current source 172 via 
flops for the current drivers in the next driver chip and 10 switch S (FIG. 6A). Note that because of the similar 
so on. Thus, the current control data from the LCU for circui try in channel 65 to that for the other driver chan- 
register Rib specific or local to each driver chip even nels on that chip, the current in channel 65 is similar to 
though this data is carried on a data line of an image that of such other channels and thus is a measure of 
data bus that is commonly connected to all the R2 regis- current that wiD flow to each LED for which the corre- 
ters of the driver chips located on one side of the row of 15 speeding driver channel is en ahl r ri The entering of the 
LED's. mas monitor mode is advantageously done after Vref 

Description will now be provided of the fourth mode and/or Kref changes have been made to allow the 
of operation which is called "bias monitor." In this LCU to determine that a safe and/or appropriate level 
mode, current from an extra or 65th current driver of current to the LEO'S will be provided. Thus, the 
channel on each driver chip is monitored by the LCU. 20 LCU is p i ogra mm ed to enter this calibration mode after 
In this mode, monitoring is done to determine whether such changes and on any power-up operation or during 
or not an acceptable current level is being provided by an interframe. Assuming that sufficient time exists dur- 
the current drivers and. therefore whether or not the ing recording this mode can also be entered during 
power to the printhead should be effectively shut down recording or during an interline time period, 
or adjusted to avoid damage or to better control output 25 Alternatively, the LCU may be programmed to pro- 
of the LED's. Additionally or alternatively, the moni- vide current regulation data to the printhead to lower 
toring of current serves to provide an indication of the current level until a safe level of current is detected. 
LED temperature and is useful to provide for a determi- If none is detected, then the shutdown signal is gener- 
ation of when data should be modified to correct for ated to remove power to the printhead. The LCU in this 
loss of intensity of light output by the LED's as they 30 mode may count the token clock pulses and is thus able 
heat up during use. Although the use of Vref and to determine which of the driver chips has the unsafe 
R/2£F adjustments are used to control the level of cur- level of current Since the voltage signal sensed by the 
rent to the LED's driven by a particular driver chip, A/D converter is also related to the temperature of the 
finer control can also be provided by control also of the LED's driven by that driver chip such signal may also 
pubewidth duration of the LED's through correction 35 be used by the LCU to provide fine adjustment of cur- 
of image data. rent to the LED's by changing the 8-bit local current 

One example of a problem situation that is monitora- regulating signal Rjtfpstored in registers R2 in response 
ble is where a cooling fan for the printhead fails and the to an algorithm relating temperature measured with 
temperature of the printhead rises during printing. The signals to be fed to a respective driver chip's registers 
current level detected serves as a measure of tempera- 40 R2. The signal relative to temperature may also be used 
tare and when compared with die digital words stored to adjust the data signals to regulate or correct the 
in registers Ri and R2 indicates that a problem exists; on-time of the LED's using pulsewidth modulation. As 

Le^ the current level being generated is not within an - noted above, the LCU may calculate a new correction;' 

expected range based on the control signals stored in program based on the fall off of intensity with tempera- 
registers Ri and R2. 45 ture for the LED's. This new program is then input to 

In the bias monitor mode, the LCU provides a signal the PROM 16a to adjust the corrected data sent to the 
"11" to lines SEL1 and SEL2. This causes the token printhead. 

clock to be clocked through AND gate 99 to enable a Note that the 65th channels on the even driver chips 
bias monitor register 100 which receives at its "D M are also commonly connected to the input of the A/D 
input an output from a logic AND gate 101 which has 50 converter 89 (FIG. 3> A reading of the voltage gener- 
al its inputs the token bit and a single bit "data" signal ated by a respective 65th driver channel on say an even- 
on data line DI5, r e p re se nting whether or not the LCU numbered driver chip is determined by having a logic 
is calling for monitoring of the current on tms driver high signal on the DI5 hue on the even aide with a 
chip. Recall thai line DI5 is available to all driver chips corresponding low level signal on the DI5 line on the 
(of the odd-numbered driver chips) but it is the token bit 55 odd side since logic AND gate 101 (FIG. 5) on each 
that b shifted from driver chip to driver chip that deter- driver chip passes the token bit only when the respeo- 
nrines which driver chip is to latch tins data into its tive (odd or even) DI5 line is logic high, 
respective' register. Assuming that the token bit has Description will now be made of the embodiment of 
latched a logic high level into this register 100, the . FIGS. 7-9 wherein similar numbers to that of die prior 
outputs (regular, and inverse) of the register 100 are 60 embodiment relate to similar structures. In this alterna- 
switched and enables transistor Q 71 (FIG. 6D) which tive embodiment, image data and recording of same is 
controls current through a calibrated temperat ure sta- h^ndfr** in a similar way to that described above and is 
ble fixed resistor R (FIG. 3) that b commonly con- m accordance also with the description of U.S. Pat No. 
nected to the respective transistors Q 71 , Q 73 , Q™ of all 4,746,941, the contents of which are incorporated 
driver chips located on one side of the row of LED's. 65 herein by this reference. In tins example, eight bits of 
The voltage level across the resistor R, 88, is related to image data are used instead of six but the principle of 
the current on line 217 provided by transistor Qp and operation is similar using an 8-bit comparator for deter- 
this voltage level is sensed and converted by an analog mining exposure duration. During recording of one line 
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of image data by the printhead 20, the next line of data current in driver chip #1, even though the token bit is 
is sent down the data bus D0-D7 and is latched in con- simultaneously also in the driver chip #2. However, 

■«*#an*.*t4* driver. chips #1 and #2 are jdentjcal^ar^ 

isters 24 in accordance with the presence of a token bit the bidirectional feature of the token register 28, the 
in a respective register. As noted above, the token bit is 5 token bit in register #2 moves from register #64 to 
shifted down the 64-bit bidirectional token bit shift register #1 so that when the token bit ts in one of the 
register 28 and image data on lines D0-D7 is latched in registers #2 through #32 on driver chip #1, it is in one 
a respective latch register 24. The token bit then exits of the registers #63 through #33 on chip #2. Similarly, 
the shift register and is shifted into the shift register of when the token bit is in one of the registers #32 through 
the nen driver chip. Current mo nito r in g is also acti- 10 #2 on driver chip #2, it is also simultaneously in one of 
vated during a portion of the period that the token bit is registers #33 through #63 on driver chip #1. Thus, the 
present in the driver chip's token bit shift register. A LCU recognizes that when the token has moved 33 
signal from the LCU is used to generate current in the dock pulses into a token shift register of a driver chip 
65th driver channel The means for activation of the (but less than 64 clock pulses) the signals generated by 
65th driver channel will now be described further with 15 the A/D converter to the LCU represent current to the 
reference also to FIG. 9. A latch 111 coupled with the LED's in a driver chip that is the even-numbered driver 
extra, or in this example the 65th, driver channel has its chip of the pair of driver chips having the token bit 
output enabled or say placed logic high in response to Additionally, a select signal is provided by the LCU to 
the location of the token bit in a specific stage (N) of the multiplexer 106, which controls which of the current 
token bit shift register 28. The output of token bit regis- 20 signals, odd or even, is to be sent to the LCU. The 
ter stage N is coupled via the logic gates 186, 190 and overall dock token count determines which odd and 
187, 191, respectively, to the preset and clear inputs of even pair of driver chips the token is in. If desired, the 
latch 111. In response to tins, current flows in the 65th extra current to voltage converter and analog multi- 
channel of the driver chip 40 now containing the token plexer may be omitted as in the p rinth e ad of FIG. 3. 
bit in a similar way to that describe for the prior em* 25 With reference now to FIG. 10, further details of the 
bodiment. Current to the 65th driver channel (FIG. 6D) token bit register 28 of the embodiment of FIG. 7 are 
terminates when the token bit has moved a fixed num- shown. A token direction signal (Tdir) biases line 220 at 
ber of stages (say M stages) down the token bit shift one logic level and through inverter 221, biases line 222 
register 28 in this same driver chip 40. In response to the at an opposite logic level Assume that the signal Tdir 
token bit reaching a particular stage, N+M, the latch 30 biases line 220 for transmission of the token bit that 
(111) output is disabled or cleared. The output of token travels from left to right (Lbit) in FIG. 10. In such case, 
bit register stage N+M is coupled via the logic gates the tristate inverters 31 used for transmission of the 
188, 190 and 189, 191, respectively, to the preset and right to left going token bit are disabled. The token bit 
clear inputs of latch 111. As may be noted in FIG. 7, the is synchronized with pulses of the token clock (TCLK) 
outputs of all the current monitors or 65th c*"«™*k of 35 and upon entering the driver chip, triggers the D input 
all the odd-numbered driver chips are connected in of the first token register of the token bit shift register to 
parallel to a current to voltage converter which may be switch its outputs so that the Q output of the register is 
similar to that described above. These outputs are multi- changed to enable the eight-bit latch 24 (FIG. 8) to 
plexed by multiplexer 106 with the similar outputs of latch the image data signals upon data bus lines D0-D7. 
the current monitors to the even-numbered driver 40 Upon occ urr ence of die next dock pulse the first token 
chips. An A/D converter 89 converts the analog signal register is reset and the token bit is shifted via a tristate 
which is also related to the temperature of that driver inverter 31 from the Q output of the first token register 

- - chip (and approximates the temperature of the.LEP's toJbe D input of the second token registo. Tte second 

driven by that driver chip) to a digital signal that is token register now has its Q output such that image data 
communicated over appropriate lines to the LCU. 4 45 signals on the image data bus will be latched by the 
The LCU, by keeping track of the counts of the token appropriate latch register associated with LED* The 
dock for use in shifting image data, knows which driver change of the Q output of the second token register 
chip the token bit is located in and thus which driver simultaneously sets latch 111 (FIG. 9) which triggers 
chip's 65th channel is being activated at this time. Note the 65th current channel (FIG. 6D) to enable transistor 
that while data for recording the next hue of pixels is 50 Qn to generate a current IQ n which is identical to that 
being sent over bus lines Do-D? and latched in appropri- simultaneously being driven through the LEI^s that are 
ate master registers in response to the token bit, the enabled fox recording the prior line of pixels. The cur- 
previous hue of pixels, whose data is stored in the slave rent is monitored by the LCU via A/D converter 89 
registers of latches 24, is being printed by the LED* s and in accordance with a program in the LCU the cur- 
while the 65th channel driver channel is also activated. 55 rent is related to the temperature of the driver chip. 
Note, too, that even though the token bit is shifted This current is monitored until the token bat reaches the 
simultaneously down even and odd-numbered driver 32nd token register upon which event the Q output of 

chips 40, for **»tnp i» t driver chips #1 and #3, or #3 this register resets latch 111. With movement of the 

and #4 ... or #55 and #36> the LCU recognizes that for token bit into the 33rd token register of driver chip #1, 
a certain part of the period for which a token bit is 60 the LCU commences to monitor the current in the 65th 
resident within a driver chip (and for which the 65th driver charmrl of driver chip #2 as described above. As 
channel monitoring is activated) the monitored current noted above, monitoring of die current is done first in 
input to the multiplexer 106 must be odd. For example, driver chip #1 and then driver chip #2. The token bit 
and with reference to FIG. 7, when the token bit is then passes into driver chips #3 and #4 for monitoring 
within registers #2 through #32 of the bidirectional 64 65 the current in these chips as well as for latching of 
token bit shift register 28 of say driver chip #1, the image data for these chips on lines D0-D7. 
LCU is programmed to consider the current monitored In FIGS. 11-13* an improvement over the circuit of 
signal from the A/D converter 89 as representing the FIG. 10 is illustrated wherein in addition to use of the 
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token bit fox simultaneously controlling distribution of data from the A/D converter 89 (FIG. 7). This delay 
image data and use in monitoring current on driver chip will allow the driver current in the 65th current channel 
*jc!tmt+iii2**fit.-m#H ^i^^ t^^s^uxi ^.tbm is alsoproyidedahe^ttse,^ 

V btt for controlling the change of digital current reguhv- ADVANTAGES 

tion data in the driver chip just prior to recording each 5 

line of pixel data. In the embodiments described above, An improved printer apparatus has been described 
R rep or V^£f digital current regulation data was pro- which provides for fine control over adjustments of 
vided during mterframe or other non-production peri- current to the recording elements as well as for correc- 
ods when no printing was occurring. In the embodi- tion of pulsewkhh durations as required fox temperature 
merit now to be described, the digital current regulation 10 compensation. There is also ensured that destructive 
data is provided during printing. Tins allows current current levels win not be generated when current to the 
not only to be m oni t o red in real time but also to be r ecor di ng elements are adjusted. The use in the embodi- 
changed more promptly as required. As the same data ment of FIGS. 7-9 and 11-13 of the token bit in the 
bus is used to carry both image data signals and current token register while the token bit is also defining which 
regulation signals, a logic circuit 246 is provided in each IS latch register is to secure image data coming over the 
driver chip to allow the circuit to discr i min ate between image data bus !><r~I>i allows current monitoring to be 
image data signals that control the pulsewidth time done during printing rather than waiting for say an 
duration exposures used for recording the next row of interframe or other non-productive period Thus, in 
image pixels. or current regulation data signals which r espon se to the current (and temperature) related data 
control the level of current to each LED activated 20 obtained from each driver chip, prompt adjustment may 
during recording of the next row of pixels. be made by the LCU to terminate current to the USD's 

Data for adjusting Rref is provided by the LCU if an in appr op r iate current level b det e c te d. In addition, 
based upon the temperature-related current signals gen- if the current level is within acceptable limits, prompt 
erated by each of the respective current drivers for the uniformity control is provided by adjusting or fine tun- 
65th current channel of each driver chip. In response to 25 mg image data to that driver chip. Image data from RIP 
these current signals, the LCU cal c ula t es a new Writ 16 (FIG. 2) is a muhmit digital signal indicating the 
digital word for each driver chip to control the respec- level of grey of a pixel to be recorded by a particular 
tive level of current in that driver chip. Simultaneously, LED. However, in response to a signal from the LCU 
a token bit ts also generated on line Lbit and a control regarding correction for uniformity, this muMbit data 
line labelled LD/Run. is adjusted to a logic low level In 30 signal may be adjusted to correct for say the decrease in 
addition, the line T^is made a logic high level so that light output by the I.FTTs driven by this driver chip due 
the logic circuit 246 has the four output lines thereof at to the higher temperatures of the LED array chip 
suitable logic levels to disable the tristate inverters 31 driven by this driver chip. In this regard, reference is 
associated with the image data token registers as well as made to U.S. application Ser. No. 07/290,002, the con- 
disable the register 111 for disenabling the 65th current 35 tents of which are incorporated herein by this reference- 
driver circuit In response to the token bit input to the D As may be noted in FIG. 2, the odd and even data from 
input of a register 112, the Q output of this register RIP 16 may be first modified by a correction PROM 
changes to provide a load signal to the latch register 113 16a before this data is sent to the printhead. The correc- 
(FIG. 8) for loading current regulation data carried on tion PROM stores correction information so that an 
hues D<r-P7. The Q output of latch 112 is output to the 40 Writ word from RIP 16 is converted , to a new Writ 
Lbit input of the next driver chip so that with the next word that is corrected based on the temperature of the 
operation of the token clock, die output of Q changes. printhead to adjust pulsewidth duration. The LCU sig- 

. ..J This provides the needed token pulse to the D input of nab the PROM as to the correction factor based on the - 

the register 112 of the next driver chrp. The LCU at this temperature related data provided in reading the 65th 
time has also changed the current regulation data upon 43 driver current channels. Thus, adjustability of the print- 
lines D0-D7 to be appropriate for proper regulations of head to provide for uniformity is advantageously pro- 
current in this next driver chip. Note that because there vided in several ways namely adjustment of current 
are separate data lines for odd and even-numbered through use of current regulation data signals Vref 
driver chips, the token bit b simultaneously applied to and/or Rref) by using an image data bus during say an 
odd and even-numbered driver chips so that current 30 interframe to adjust a bias current Ichjpbus(FIGS. 6A, 
regulation data b provided simultaneously to an odd- B, C and D) to the constant current driver circuits and 
numbered driver chip as well as to an even-numbered by use of the adjustment to image data during produc- 
driver chip. After respective current regulation data is tion periods. In the embodiments of FIGS. 7-10 and 
distributed to all the driver chips, the LCU changes the 11-13, the adjustments of current are provided in a 
LD/Run line to a logic high level and a new token bit 33 maimer similar to that desc ribed for the embodiment of 
b sent by the LCU to the first driver chips (odd and FIGS. 1-6. Control logic on each driver chip receives a 
even) on the printhead for latching the image data sag- signal indicating that it b to latch current regulation 
nals on data bus lines D0-D7. With thb token bit the data into say an &-bit latch which is used for local bias; 
register 111 win be set by the token bit to commence Le^ this signal b particular to tins driver chip. The 
operation of the 65th channel current driver as de- 60 driver chip may also receive a global bias signal Vref 
scribed for the embodiment of FIGS. 7-9. Another that b received commonly by all driver chips. This 
difference in the embodiment of FIG. 11 b the use of the signal Vref may be analog or digital 
first token register (rather than the second token regis- A further i mprov ement b provided in the embodi- 
ter) to commence drive to the 65th channel current ment of FIGS. 11-13 d e mon stra ti ng that data for pro- 
driver. Other token registers may be designed for deter- 65 viding further fine tune adjustment of current can be 
mining when the 65th channel b to be operated. It may provided during each hue of recording., 
be desirable for the LCU to have a small pr o gr amm ed While the preferred embodiment has been described 
delay as to when the LCU actually reviews the current in terms of MOSFET transistors that have their respec- 



02/11/2004, EAST Version: 1.4.1 



19 



5,253,934 



20 



10 



IS 



tivc gates controlled, other devices providing an equiv- 
alent function such as bipolar or other gate controlled 
devices <are also . «>ntOTphted.vWherei bipolar^ tranas^. 
tors are used, transistor geometry or doping levels to 
respective transistors may be modified to provide the 
current scaling characteristics described herein. 

Although the invention has been described with re- 
spect to embodiment wherein an extra current driver 
channel is provided in each driver chip, the invention in 
its broader aspect contemplates that the current may be 
sensed in the driver rfomwfc of the recording dements. 

The invention has been de scrib ed in detail with par- 
ticular reference to preferred embodiments thereof, but 
it wDl be understood that variations and modifications 
can be effected within the spirit and scope of the inven- 
tion. 

What is claimed is: 

1. A non-impact printer appa ra tus, comprising: 
a recording head having a plurality of reco r d in g ele- 
ments for recording on a recording medium; 

a plurality of driver chips; 

driving means incorporated on each of said driver 
chips the driving means including a plurality of 
current driving channels or selectively driving a 
number of said recording elements in accordance 25 
with respective image data signals, each said and 
further including an extra current driving channel 
including means not associated with said recording 
elements for generating a monitorable current in 
said extra driving channel related to contents sent 30 
to said number of said recording elements; and 

monitoring means for monitoring said monitorable 
current in one of the extra current driving chan- 
nels, said monitoring means being responsive to a 
signal to select which said monitorable current is 35 
being monitored. 

2. The printer apparatus of claim 1 and including 
means for shutting down said currents to said recording 
elements in response to sensing of a current level that is 
inappropriate for recording. 40 

3. The printer apparatus of claim 1 and wherein each 
said driving means is responsive to a current monitored 
in a respective one of. said extra current driving chan- . 
nek for adjusting said constant level of current to said 
number of said recording elements. 45 

4. The printer apparatus of claim 1 and including 
means associated with a pi urality of said driver chips for 
defining a multistage shift register me a n s that is respon- 
sive to a token bit signal in a particular stage for select- 
ing which said monitorable current is being monitored. 50 

5. The printer apparatus of claims 1, 2, 3 or 4 and 
wherein each said driving means comprises a current 
mirror having a master circuit and the current driving 
channels are slaves of said master circuit 

6. The printer apparatus of claim 5 and including a 55 
plurality of digitally addressable transistors far chang- 
ing a level of current in said master circuit 

7. The printer apparatus of claims 1, 2, 3 or 4 and 
mchiding image data bus means for carrying image data 

each said driving means including respective data 
register means associated with each of said record- 
ing elements for storing said image data signals; 

means for connecting said data bus means to said data 
register means; and 65 

data register enablement means, including a multi- 
stage token bit shift register, outputting sequen- 
tially at respective stages of the multistage token bit 



shift register a token bit signal to sequentially en- 
able a respective data register means to store image 
■jar.* ^data .signals. yt> y . vz+Af*^?-!*** - ^ *. ^ . ^. ^ - 

8. The printer apparatus of claim 7 and wherein each 
of said driver chips includes a said data register enable- 
ment t n^^**^ , 

the driver chips are located at opposite sides of an 
array of recording elements; and 

for shifting token bit signals simultaneously 
down token bit shift registers of opposing driver 
chips and means r e sp o nsi ve to a position of one of 
the token bit signals in a particular stage for con- 
trolling monrtoring of current from one of two 
opposing driver chips c ontainin g a said one of the 
token bit signals. 

9. The printer apparatus of claim 8 and wherein the 
recording elements are hght-errntting diodes. 

10. The printer apparatus of claim 8 and including 
means for adjusting image data signals for determining 

20 durations of recording by said recording elements in 
r espon se to a level of current monitored in one of a said 
extra current driving channels. 

11. The printer apparatus of claim 1 and including 
means for adjusting said image data signals in response 
to a level of current monitored in one of said extra 
curren t driving channels. 

IX The printer apparatus of claim 11 and wherein a 
portion of said multistage shift register means is incor- 
porated within each of said driver chips and; 
the driver chips are located at opposite sides of an 
array of recording elements; and further compris- : 
ing 

means for shifting token bit signals simultaneously 
down the multistage shift register means of oppos- 
ing driver chips and means responsive to a position 
of a token bit signal in a particular stage to select 
monitoring of current from one of two opposing 
driver chips containing token bit signals. 

13. A non-impact printer apparatus comprising: 
a recording head having a plurality of recording ele- 
ments for recording on a recording me d i u m , 

driving means, including a plurality of current driv- 
ing channels, for. selectively driving said plurality „ 

of recording elements with a constant level of cur- 
rent and with respective controlled durations of 
recording in accordance with respective image 
data si gnals; 

means for generating a current in an extra current 
driving channel; means for sensing, the current in 
said extra channel; and 
means for adjusting image data rigrff l* to adjust dura- 
tions of recording by the recording dements in 
response to the level of the current sensed in the 
ex tra c -^^^n^^^ - 

14. The printer apparatus of claim 13 and wherein 
said driving means includes means for adjusting said 
constant level of current to recording elements in re- 
sponse to the current level sensed. 

15. The printer apparatus of claims 13 or 14 and 
wherein the driving means comprises a current mirror 
having a master circuit and the current driving channels 
are slaves of said master circuit 

16. The printer apparatus of claim IS and including a 
plurality of digitally addressable transistors for chang- 
ing a level of current in said master circuit 

17. The printer apparatus of claims 13 or 14 and in- 
cluding image data bus means for carrying image data 
signals; 
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said- driving ttt^qti* including respective image data 
register means associated with each of said record - 
- . -mg-eiernents-rbr storing said image data signals;^ ^- v 

means .for connecting said data bus means to said 
image data register means; * 

means for generating a token bit signal; and 

data register enablement means, including a multi- 
stage token bit shift register, outputtmg sequen- 
tially at respective stages of the multistage token bit 
shift register a token bit signal to sequentially en- 
able a respective image data register means to store 
image data signals, 

18. The printer apparatus of claim 17 and mcroding a 
plurality of driver chips, each of said driver chips in- 
cluding a said driving means, and the apparatus includ- 
ing means r e sp o nsi ve to a token bit signal to select 
which of said current, in said current driving channels is 
being sensed. 

19. The printer, apparatus of claim 18 and wherein 
each of said driver chips includes a said data register 
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the drive chips are located at opposite sides of an 
array, of recording ele ment s; and further compris- 
ing 

means for shifting token bit signals simultaneously 
down the token bit shift register of opposing driver 
chips; and 

means responsive to a position of one of the token bit 
signals in a particular stage for selecting the sensing ^ 
of said current from one of two opposing driver 
chips containing token bit signals. 

20. The printer apparatus of claim 19 and wherein the 
recording elements are fight-emitting diodes. 

21. A driver chip for use on a non-impact printer 35 
apparatus having a plurality of recording dements, the 
driver chip comprising; 

driving means, including a plurality of current driv- 
ing channels, selectively generating currents for 
driving said plurality of recording elements in ac- 40 
cordance with respective image data signals; said 
driving means further including an extra current 
driving channel not associated with a recording 
element that g ener a t es a monitorable current re- 
lated to the currents for driving said plurality of 45 
recording elements; 

a plurality of image data lines carrying image data 
si gnals; 

respective image data register means assoc i a t ed with 
each of said recording elements for storing said 50 
image data signals; 

means for connecting said plurality of lines to said 
data re gister me a ns; 

data register enablement means, mcr udm g a multi- 
stage token bit shift register, outputtmg sequen- 55 
tially at respective stages of the multistage token bit 
shift register token bit signals to sequentially enable 
a respective image data register means to store - 
image data signals; and 

means responsive to a token bit signal for activating 60 
the extra current driving channel. 

22. The driver chip of claim 21 wherein the driving 
means includes a master circuit and the current driving 
channels are slaves of said master circuit and the driving 
means further includes a plurality of digitally address- 63 
able transistors for changing a level of current in said 
plurality of current driving channels by adjusting a 
current in the master circuit. 



23. The driver chip of claim 22 and including means 
for digitally addressing the digitally addressable transis- 
.tprs; with current regulation signals faorn.at Jeast.qne ot^ ^ 
said image data h**^- 

24. A non-impact printer apparatus comprising: 

a r ec or d in g head having a plurality of recording ele- 
ments for record in g on a recording medium, 
driving means, including a current mirror having a 
master circuit and a plurality of current driving 
channels that are slaves of said master circuit, for 
selectively driving said plurality of recording ele- 
ments in accordance with respective image data 
signals and in accordance with a current related to 
a current in said master circuit, the master circuit 
. including a plurality of digitally addressable tran- 
sistors for changing a level of the current in said 
master circuit, said driving means further including 
an extra current driving channel not associ at ed 
with a recording element for generating a current 
related to currents to said recording elements; and 
means for monitoring the current in said extra chan- 
nel and generating a digital signal that selectively 
enables selected ones of said transistors to control 
the level of current in said master circuit 

25. The printer apparatus of claim 24 and including a 
plurality of and wherein each of said driver chips in- 
cludes a said driving and the apparatus further 
includes means for selecting which of said currents in 
said extra current driving channels is monitored. 

26. The printer apparatus of claim 24 and including a 
plurality of said extra driving channels, and the appara- 
tus further includes means for selecting which of said 
currents in said extra current driving channels is moni- 
tored. 

27. A non-impact printer apparatus comprising: 
a recording head having a plurality of recording ele- 
ments for recording on a recording medium, 

driving means, including a plurality of current mir- 
rors, each of said current mirrors having a master 
circuit and a plurality of current driving channels 
that are slaves of said master circuit, for selectively 
driving said plurality of recording elements with 

currents in accordance with respective image data 

signals and in accordance with a current in said 
master circuit, said driving means further including 
a plurality of extra current driving channels not 
associated with a recording dement for gener atin g 
in each of the extra channels, a current related to 
the currents to said recording elements; and 
means for monitoring the current in each of said extra 
channels and selecting which said current is being 



28. A noo-impact printer apparatus comprising: 
a recording bead having a plurality of recording de- 
ments for recording on a recording me d ium, 
a plurality of driver chips; 

a driving means incorporated on each of said driver 
chips for selectively driving said plurality of re- 
cording elements in accordance with respective 
huage data signals, each said the driving means 
including a plurality of current driving channels, 

monitoring means for monitoring a monitorable cur- 
rent in each of said driver chips, said monitoring 
means including a token bit shift register and said 
monitoring means being responsive to a token bit 
signal output from said token bit shift register to 
select which said monitorable current is being 
monitored. 
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29. The printer apparatus of claim 28 and wherein monitoring of the current in said begins by said monitor- 
of said driver chips mcfadrs a multistage shift ing means and shifting of the token bit signal into an- 
rejuster that forms a part of said token bit shift register other stage of said multistage register to determine 



stage of said multistage shift register to determine when 5 • • • • ♦ 
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